Haematologica 1999; 84:829-838

original paper

IgG reactivity to phospholipid-bound B2-glycoprotein | is the main
determinant of the fraction of lupus anticoagulant activity quenched
by addition of hexagonal (1) phase phospholipid in patients with
the clinical suspicion of antiphospholipid-antibody syndrome
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ABSTRACT

Background and Objective. Autoantibodies to B2-gly-
coprotein | (B2-GPI) and/or prothrombin (FII) have
been involved in the expression of lupus anticoagulant
(LA) activity, an in vitro phenomenon associated with
an increased risk of arterial and/or venous throm-
boembolic events. However, LA activity sustained by
anti-FIl antibodies has a much weaker association
with thrombosis than LA activity sustained by anti-@-
GPI antibodies. Because assays aimed at detecting
LA activity are now commercially available, we eval-
uated the relative sensitivity to anti-FIl and anti-B>-GPI
antibodies of a commercial LA assay in a consecu-
tive series of patients with the clinical suspicion of
anti-phospholipid antibody (APA) syndrome.

Design and Methods. One hundred and ten consecu-
tive patients with the clinical suspicion of APA syn-
drome (primary in 39) and 36 healthy controls were
evaluated for the presence of LA activity (LA, Sta-
clot®, Stago), anticardiolipin antibodies (Quanta Lite
aCL IgG, IgM, Inova Diagnostics), and IgG binding to
solid-phase and/or phospholipid (PL)-bound B2-GPI
and FII by ELISA assays developed and optimized in
our laboratory. Odds ratios for the association of 1gG
binding activity with LA and the aCL 1gG status were
calculated. In LA patients, dependency of LA potency
(as assessed by clotting time prolongation in absence
or presence of hexagonal phospholipid) on autoanti-
body titers was analyzed by the generalized linear
model. Total IgG fractions were purified from select-
ed patients to evaluate their ability to inhibit pro-
thrombin activation at low FII concentration.

Results. Anticardiolipin antibodies (aCL) of the 1gG or
IgM type were found in 64 and 23 patients and LA
activity in 49 patients. Anti-B2-GPI and anti-FIl (solid-
phase and PL-bound) IgG titers exceeding by more
than 3 standard deviations the mean values observed
in control subjects were found in 46 and 47 patients
and in 56 and 30 patients respectively, with the high-
est titers detected in the subgroup of patients with
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both LA and aCL IgG. The relative risk of LA for
patients free of anti-FIl and/or anti-B2-GPI 1gG was
0.03 after stratification for the aCL 1gG status. Anti-
B2-GPI (solid-phase and PL-bound) IgG (RR 34.4 and
12.6) and anti-Fll (solid-phase) 1gG (RR 6.33) were all
associated with LA activity. However, when taking
into account co-existence of anti-FIl and anti-B2-GPI
IgG in the same patients, the relative risk of LA for
patients with isolated anti-FIl 1gG (solid-phase and/or
PL-bound) was 0.50, whereas it ranged from 4.24 to
8.70 for all the antibody combinations including anti-
B2-GPI IgG. Anti-B2-GPI (PL-bound) and aCL IgG titers
were the only significant predictors of LA potency
determined in absence phospholipid (anti-B2-GPI 1gG)
or in presence of hexagonal phospholipid (aCL 1gG).
Total IgG fractions purified from 12 patients (6 with
anti-FIl 1gG) did not significantly inhibit factor Il activ-
ity up to a 150-fold molar excess.

Interpretation and Conclusions. These results high-
light the high prevalence of anti-FIl and anti-B2-GPI
IgG in patients with the clinical suspicion of APA syn-
drome and particularly in the subgroup of patients
with LA activity. The fraction of LA activity which can
be quenched by addition of hexagonal phospholipid
is, however, only dependent on IgG directed to PL-
bound B2-GPI. Other antibodies associated with anti-
cardiolipin IgG may explain residual clotting time pro-
longation observed in the presence of hexagonal
phospholipid.
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lants are ill understood. These anticoagulants
were originally thought to be part of a family of
circulating antibodies directed against anionic phos-
pholipids! and it was held that their action in phos-
pholipid-dependent clotting assays might be exerted
through occupation by anticoagulant IgG or IgM of

The mechanisms of action of lupus anticoagu-
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sites competing for the binding of procoagulant fac-
tors.23 Itis now recognized that most antiphospho-
lipid antibodies are directed to protein-phospholipid
complexes.*> Bz-glycoprotein | (B2-GPI;%7), pro-
thrombin,®® protein S,1° protein C,° thrombo-
modulin,2 annexin V,22 high molecular weight kinino-
gen,* platelet activating factor,’®> phospholipase
A218 and factor X* have been identified as co-factors
for the binding of these antibodies to phospholipid
membranes. B2-GPI is the main co-factor for anti-
body binding to cardiolipin.” Whether lupus antico-
agulants all recognize protein co-factors for their
expression is unknown. The majority of lupus anti-
coagulant (LA) antibodies are apparently B2-GPI-
dependent,'”.18 but prothrombin also has been
invoked as a co-factor for the expression of LA activ-
ity.81920 Because (32-GPI is an inhibitor of the intrin-
sic and extrinsic coagulation pathways,2:22 antibod-
ies with LA activity may either increase B.-GPI bind-
ing to anionic phospholipid,?24 impairing pro-
thrombin conversion,? or recognize the phospho-
lipid—prothrombin complex, inhibiting prothrombin?
and factor X8 activation. Recently, it was suggested
that prothrombin-dependent and B.-GPI-dependent
LA antibodies might be distinguished by their differ-
ent activity in the dilute Russel viper venom time and
the kaolin clotting time assay systems.? It is general-
ly accepted that lupus anticoagulant activity is asso-
ciated with an increased risk of venous and/or arter-
ial thrombosis.?”2¢ However, the association of pro-
thrombin-dependent LA antibodies with thrombot-
ic manifestations appears much weaker than that of
B2-GPI-dependent LA antibodies.?6:2°

A series of commercial assays aimed at detecting
LA activity has recently been introduced. Such assays
are all based on the principle of correction of the
abnormal clotting time prolongation with the addi-
tion of phospholipid, but they differ with respect to
the phospholipid composition. Because lupus anti-
coagulant testing is mainly requested as an indicator
of a potential thrombotic risk, knowledge of the rel-
ative sensitivity of commercial assays to prothrom-
bin-dependent or B2-GPI-dependent LA antibodies is
relevant to the evaluation of reagents in the clinical
laboratory.

In this study, in a consecutive series of patients
referred to our coagulation service with the suspicion
of APA-syndrome, we evaluated the prevalence of
anti-2-GPI and anti-prothrombin 1gG and their asso-
ciation with LA activity as detected by a commercial
assay based on the use of hexagonal (I1) phase phos-
pholipid.

Design and Methods

Patients

One hundred and ten in-patients (72 women and 38
men, mean age at observation 38+15 years) referred
to our laboratory from the Department of Internal
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Medicine for evaluation of their anti-phospholipid
antibody status and 36 healthy members of the labo-
ratory staff (21 women and 15 men, mean age 41+9.8
years) were included in the study. Reasons for referral
were clinical suspicion of autoimmune diseases (n =
82), recurrent abortions (n = 6), observation of iso-
lated thrombocytopenia (<150,000/uL, n = 10), or
unexplained APTT prolongation (n=12). Systemic
lupus erythematosus (SLE) and other autoimmune
diseases (thyroiditis, vasculitis, multiple sclerosis,
myasthenia, and panarteritis nodosa) were diagnosed
in 39 patients. The remaining patients had no well-
defined autoimmune medical conditions. Objectively
documented thrombotic episodes had occurred in 32
patients, arterial in 6, venous in 23, and both venous
and arterial in 3. All patients with a history of throm-
bosis were studied at least one month after the occlu-
sive event and they had no congenital thrombophilia
defects;?® sixteen patients were receiving oral antico-
agulant treatment.

Laboratory methods

Blood sampling. All samples were collected in silicone
vacutainer tubes containing 0.129 mol/L sodium cit-
rate (Becton Dickinson, 1/10 blood volume) between
8.00 and 10.30 a.m. after overnight fasting. Platelet
poor plasma was obtained by double centrifugation
at room temperature at 3,000 g for 15 min within 45
min of venesection. Lupus anticoagulant detection
was carried out on fresh plasma. The remaining tests
were performed on plasma aliquots (0.5 mL) snap-
frozen with methanol and dry ice and stored at
-80°C for no longer than 3 months. Pooled normal
citrated plasma was obtained from 30 healthy sub-
jects, aliquoted, snap-frozen and used within 30
days. Anticardiolipin antibody (aCL) titers were
determined on serum samples.

Proteins. B2-glycoprotein | (b2-GPI) and prothrom-
bin were purified from citrated outdated human plas-
ma (3 liters) according to published procedures.3132
The purity of protein preparations was more than
95% on 10% sodium dodecyl sulphate-polyacry-
lamide gel electrophoresis (SDS-PAGE). Protein con-
centrations were determined spectrophotometrical-
ly from absorbance at 280 nm using extinction coef-
ficients and molecular weights of 13.8 and 70,000 d
for prothrombin,32 9.4 and 50,000 d for B2-GPI.33
After extensive dialysis against Tris-buffered saline,
pH 7.5, concentrated protein aliquots (0.1 mL) were
snap-frozen and stored at -80 °C until use.

Separation of total IgG fractions. Total IgG frac-
tions were purified from selected patients and from
normal pooled plasma obtained from 30 donors as
previously described.3* Citrated plasma aliquots (1
mL) were applied to a protein G column (Mab Trap
Gll, Pharmacia Biotech, Uppsala, Sweden). After
washing the column, 1gG were eluted in 3 mL of elut-
ing buffer and brought to a pH of 7.5 with 1:10 vol-
ume of neutralizing buffer (all buffers supplied by the
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manufacturer). The procedure was repeated several
times, recovering from 10 to 45 mg of 1gG for each
patient. The IgG content of samples was determined
by nephelometry (Behring, Marburg, Germany). After
overnight dialysis in Spectrapor tubing (Spectrum
Medical Industries, Los Angeles, CA, USA) against 5
liters of 0.02 mol/L Tris-HCI, 0.1 mol/L NaCl (Sigma
Chemicals, St. Louis, MO, USA) buffer, pH 7.5 (TBS),
IgG were aliquoted, snap-frozen and stored at -80°C
until use. In some cases, total IgG fractions were con-
centrated to 7 mg/mL (Amicon 30 Microconcentra-
tor, W.R. Grace & Co., Danvers, MA, USA) prior to
storage.

Lupus anticoagulant detection. Because 16 patients
were on oral anticoagulation at observation, lupus
anticoagulants (LA) were detected by observation of
a prolonged clotting time with a commercial PTT
reagent (PTT-LA®, Stago, Gennevilliers, France) in a
50:50 mixture of test plasma with normal plasma.
Plasmas with clotting times exceeding the ninety-fifth
percentile of the distribution of a previously estab-
lished control population underwent additional test-
ing with the Staclot assays (Staclot-LA® Stago,®).
Confirmation of diagnosis was obtained by normal-
ization or significant correction of the abnormality
(i.e. shortening of the clotting time = 8 sec) in the
presence of hexagonal (II) phase phospholipid. All
assays were carried out on citrated plasma after a
double centrifugation procedure,® and results
expressed as the ratio of the patient’s clotting time
divided by the clotting time of normal plasma (also
centrifuged twice). In our hands, this diagnostic pro-
cedure has a sensitivity of 98% — at a set specificity of
95% - for the detection of LA by comparison with a
panel of clotting assays — including the diluted Rus-
sell’s Viper Venom time and the kaolin clotting time,
and permits diagnosis in plasma from patients on
oral anticoagulant treatment.3¢

Detection of antibodies to cardiolipin (aCL) and of plasma
19G binding to solid-phase B2-GPI and prothrombin (FII).
aCL 1gG and IgM were tested by commercial ELISA
methods on serum samples (Quanta Lite aCL IgG,
IgM, Inova Diagnostics, San Diego, CA, USA) and
results expressed as GPL or MPL units. Plasma IgG
binding to solid phase B2-GPI and prothrombin (FII)
were tested by a modification of the method
described by Amiral et al.3” Ninety-six well, y-irradi-
ated ELISA microtiter plates (Nunc-Immuno Plate
Maxi Sorp. Roskilde, Denmark) were coated overnight
with B2-GPI or prothrombin (10 pg/mL), 200 pL in
TBS at room temperature. After blocking with 10%
bovine serum albumin (BSA, Sigma) for one hour at
room temperature, unbound material was removed
by washing with 0.02 mol/L Tris-HCI, 0.2 mol/L
NaCl, 0.1% Tween 20 (Pharmacia, washing buffer).
All subsequent steps for the prothrombin ELISA were
carried out in presence of 0.002 mol/L CaCl.. Test
plasma (200 pL) diluted 1:50 in washing buffer con-
taining 5% BSA was added to the wells and incubat-

ed under shaking (Dynatech Shaker Incubator, PBI,
Milan, Italy) for one hour at room temperature, fol-
lowed by repeated washings and by addition of a
1:10,000 dilution of peroxidase-conjugated rabbit
anti-human IgG (DAKO, Glostrup, Denmark). After
one hour, repeated washings removed unbound sec-
ondary antibody and the peroxidase substrate (2,2-
azino-di-3-ethyl-benzathiazoline sulfonate, ATBS,
Kirkegaard & Perry Laboratories Inc., Gaithersburg,
MD, USA) added to the wells. Color development was
measured at 405 nm after 30 min (Titertek Multiskan
MCC, Flow Laboratories, Milan, Italy). All determi-
nations were performed in duplicate. The analytical
performance of the ELISA was evaluated by repeated
testing (4 times in each plate for 5 different plates) of
plasma from two patients with optical densities < 0.3
and > 0.8. Within- and between-assay imprecision
(CV) were < 6% and < 9% for both assays.

Detection of plasma IgG binding to anionic phospholipid
and to phospholipid-bound B2-GPI and prothrombin (FII).
v-irradiated ELISA plates were coated under a con-
tinuous nitrogen stream with 100 L of a 20:80 phos-
phatidylserine: phosphatidylcholine (Sigma) mixture
(10 pg/mL) in ethanol. For the detection of IgG bind-
ing to phospholipid (PL)-bound B.-GPI, 200 uL of
B2-GPIl (10 pg/mL in TBS) were added to the wells
and incubated overnight at room temperature. After
blocking and washing as described in the previous
section, test plasma (200 pL) diluted 1:50 in wash-
ing buffer containing 5% BSA was added to the wells
and incubated under shaking for one hour at room
temperature, followed by repeated washings and
addition of peroxidase-conjugated rabbit anti-
human IgG. After one hour, repeated washings
removed unbound secondary antibody and the per-
oxidase substrate added to the wells. Color develop-
ment was measured at 405 nm after 30 min. All
determinations were performed in duplicate. The
analytical performance of the ELISA was evaluated
by repeated testing (4 times in each plate for 5 dif-
ferent plates) of plasma from two patients with opti-
cal densities < 0.25 and > 0.8. Within- and between-
assay imprecision (CV) were 4.6% and 7.4%. For the
detection of 1gG binding to PL-bound FlI, PL-coated
wells were blocked, followed by repeated washings
and addition of 200 pL of TBS containing 5% BSA,
0.002 mol/L CaClz, 0.1% Tween 20 and FIl (10
pg/mL). All further steps reported above included the
presence of 0.002 mol/L CaCl. in the buffers. All
determinations were performed in duplicate. The
analytical performance of the ELISA was evaluated
by repeated testing (4 times in each plate for 5 dif-
ferent plates) of plasma from two patients with opti-
cal densities < 0.25 and > 0.5. Within- and between-
assay imprecision (CV) were 4.3% and 6.6%.

Binding of proteins to plastic or coated PL was
monitored in a Vmax EASIA Reader (Medgenix, Bel-
gium) by using polyclonal rabbit anti-B-GPI or anti-
prothrombin IgG (Figure 1). The apparent Kd for sol-
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Figure 1. Assay optimization. Proteins at the indicated con-
centrations were coated onto the wells or incubated onto
wells previously coated with the phospholipid mixture as
described in the Design and Methods section. Binding of -
glycoprotein | was detected by addition of peroxidase-con-
jugated polyclonal rabbit anti-B2-glycoprotein | 1gG (1
pg/mL); binding of prothrombin was detected by addtion of
affinity-purified polyclonal rabbit anti-prothrombin 1gG (1
pg/mL) followed by peroxidase-conjugated goat anti-rabbit
1gG (1:5,000 dilution). Changes in absorbance at 405 nm
were recorded in a Vmax reader. Open circles: solid-phase
prothrombin; open squares: solid-phase Bz-glycoprotein I;
closed circles: phospholipid-bound prothrombin in the pres-
ence of 2 mM CacClz; open dotted circles: phospholipid-
bound prothrombin in the presence of 2 mM EDTA; closed
squares; phospholipid-bound B2-glycoprotein I.

id-phase and PL-bound proteins were: solid-phase .-
GPI: 4.5 nmol/L, PL-bound B2-GPI: 1.1 nmol/L, sol-
id-phase FlI: 0.3 nmol/L, PL-bound-FlI: 4.0 nmol/L.

For the detection of plasma IgG binding to anion-
ic phospholipid (PL), wells were coated, blocked,
washed and incubated with test plasma as described
above. Virtually identical OD was recorded both in
the presence and absence of 0.002 mol/L CaCl.. The
analytical performance of the ELISA was evaluated
by repeated testing (4 times in each plate for 5 dif-
ferent plates) of plasma from two patients with opti-
cal densities < 0.22 and > 0.40. Within- and between-
assay imprecision (CV) were 5.1% and 7.8%.

For all of the above described ELISAs, results — after
subtraction of blank values — were considered abnor-
mal when optical densities exceeded by more than 3
standard deviations (SD), the mean values observed
in controls subjects.

Effect of IgG fractions on the prolongation of normal plas-
ma’s PTT-LA and on the activity of Fll. The anticoagulant
activity of IgG fractions purified from patients with
lupus anticoagulants was tested in the PTT-LA assay.
Normal pooled plasma (200 pL) was incubated with
50 uL of total IgG fractions (IgG concentrations rang-
ing from 4.1 to 8.6 mg/mL) obtained from patients’
plasma or normal plasma. Using the clotting time of
the normal IgG-plasma mixture as the denominator,
ratios > 1.30 were observed at patients’ final IgG con-
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centration ranging from 0.27 to 0.36 mg/mL.

Inhibition of Fll activity by total IgG fractions from
selected patients was tested by a commercial assay
(STA Factor Il, Stago) using a fully automated pro-
grammable coagulometer (STA, Stago). The software
program was modified to avoid the initial 1:10 dilu-
tion of the test plasma. Normal plasma (25 pL) was
added to 225 pL of diluent buffer containing increas-
ing amounts of normal or patients’ total IgG fraction
(0-0.72 mg) and incubated for 1 hour at 37°C.
Residual factor Il activity in the presence of 1gG frac-
tions was extrapolated from the calibration curves
obtained for normal plasma incubated with diluent
buffer only. Controls were included in each analyti-
cal session using polyclonal rabbit anti-prothrombin
IgG (0 to 0.25 mg/mL concentration in the incuba-
tion step).

Other laboratory methods. Polyclonal antibodies were
raised in rabbits to 32-GPI by injection of 300 mg of
the purified protein in Freund’s complete adjuvant
at multiple intradermal sites. Four weeks after the
first immunization, 300 mg of the protein in incom-
plete adjuvant was injected at multiple subcutaneous
sites. One week later, rabbits were bled and the serum
tested by immunodiffusion. IgG were purified by pro-
tein G affinity chromatography followed by adsorp-
tion onto B2-GPI coupled to CNBr-activated Sepha-
rose 4B (Pharmacia) according to the manufacturer’s
instructions (5 mg B2-GPI/mL of resin) and elution
with 0.1 mol/L glycine-HCI, 0.5 mol/L NaCl, pH 2.7.
After peroxidase-labeling (peroxidase from horse
radish, Grad |, Boehringer Mannheim, Germany)
using Nakane and Kawaoi’s method,38 the apparent
Kd of the anti-B2-GPI polyclonal 1gG for solid-phase
B2-GPl was 22 nmol/L as tested by ELISA. Rabbit
anti-prothrombin IgG was purified by protein G affin-
ity chromatography from the commercial antiserum.

Statistical methods

For descriptive purposes, results are expressed as
mean value + standard deviation (SD). Because nor-
mal distributions were not obtained by log-transfor-
mation of data, rank-transformation of data was
adopted. One-way analysis of variance (ANOVA) and
ANOVA for repeated measures were used to com-
pare continuous variables among the groups of
patients and the control population and the Spear-
man test was used to correlate autoantibody titers
and clotting test aimed to evaluate LA potency. For
multiple comparisons, p values were corrected
according to Bonferroni’s procedure. Odds ratios
(OR) and Mantel-Haenszel relative risks (RR) were
calculated by the x2 test. In LA+ patients, the gener-
alized linear model (GLM) and the GLM for repeat-
ed measures were used to identify independent deter-
minants of LA potency, as assessed by the PTT-LA
50:50 mixture assay and the two Staclot assays.
Logistic regression analysis was used to evaluate the
association of a previous history of thrombosis with
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Table 1. Autoantibody status of the patient population (mean + SD) subdivided according to the lupus anticoagulant (LA) and

anticardiolipin (aCL) 1gG status.

LA+/aCL+ LA+/aCL- LA-/aCL+ LA-/aCL- Controls LA aCL IgG
(n=31) (n=18) (n=33) (n=28) (n=236) +/- +/-
p p

PTT-LA 50:50 mixture (ratio) 2.11+0.54# 1.97+0.84# 1.07+0.06 1.16%0.15 1.02+0.11  0.0001 ns
Staclot - hexagonal PL (ratio) 2.15+0.56# 1.99+0.65* 0.076
Staclot + hexagonal PL (ratio) 1.334£0.25 1.12+0.15 - - - - 0.099
Hexagonal PL-dependent shortening
of the clotting time (sec) 33.6226.0 32.9+£23.6 - - - - ns
aCL 1gG (GPL units) 110.5+£72.8* 6.5+4.2¢ 42.0£30.2¢ 4.1+4.2¢ 4.0£4.0 0.002  0.0001
aCL IgM (MPL units) 24.8+32.4% 12.0+21.5% 9.9+36.7# 3.5+6.4% 1.7+3.2 0.001  0.005
anti-B2-GP!I (solid-phase) IgG (OD) 0.856+0.678*  0.211+0.256* 0.116+0.178 0.059+0.037 0.044+0.029 0.0001  0.003
anti-B2-GPI (PL-bound) IgG (OD) 0.695+0.694#  0.072+0.053* 0.081+0.155 0.035+0.026 0.022+0.015 0.0001 0.003
anti-Fll (solid-phase) IgG (OD) 0.227+0.169*  0.205x0.143* 0.123+0.074* 0.083+0.042 0.058+0.025 0.0001  0.005
anti-FIl (PL-bound) IgG (OD) 0.102+0.182*  0.078+0.080 © 0.073+0.055 ° 0.068+0.086 0.030+0.020 ns ns

anti-PL IgG (OD) 0.060£0.122 *

0.033+0.017

0.025+0.019  0.039+0.071 0.023+0.018 0.038 ns

Symbols indicate significance of differences vs. the control population: *p<0.05; °p<0.01; #p<0.001. The independent associations of autoantibody titers with LA
and aCL IgG status were evaluated by ANOVA restricting analysis to the patient population.

autoimmune diseases and the antibody titers. .Dif-
ferences were considered statistically significant with
p values <0.05. The Systat® statistical software pro-
gram was used for all calculations.

Results

aCL 1gG and IgM were found in 18 patients; 46
had aCL IgG only and 5 patients aCL IgM only. PTT-
LA 50:50 mixture ratios exceeding 1.25 were observed
in 57 patients and in no control subject. With the
Staclot assays, diagnosis of LA was established in 49
patients, associated with both aCL IgG and IgM in 15
patients, with aCL 1gG only in 16 patients and with
aCL IgM only in 3 patients. Patients with aCL IgG
had a relative risk for LA activity of 1.09 (95% confi-
dence interval, 0-1.80) after stratification for the aCL
IgM status. Based on LA and/or aCL IgG results, the
patient population was divided in 4 groups. Thirty-
one patients had both LA and aCL IgG (LA*/aCL*);
18 patients had LA but tested negative for aCL IgG
(LA*/aCL"); 33 patients had aCL IgG in their serum
without detectable LA activity (LA-/aCL*), and 28
patients had neither LA nor aCL 1gG (LA-/aCL*). The
autoantibody status of the study population and its
association with LA activity and aCL IgG are report-
ed in Table 1. The potency of LA - as based on clot-
ting time ratios — was similar in aCL 1gG* and aCL
IgG- patients. With the exception of anti-FIl (PL-
bound) IgG, all autoantibody titers were higher in
LA* patients than in LA- patients, and with the excep-
tion of anti-PL and anti-FIl (PL-bound) IgG titers,
they were also higher in aCL IgG* patients than in
aCL IgG- patients (Table 1). As expected, contrary to
anti-B2>-GPI (solid-phase and PL-bound) IgG titers,

anti-Fll (solid-phase), but not anti-FIl (PL-bound)
IgG titers were only weakly correlated to aCL 1gG
titers in the patient population (Figure 2). Anti-PL
IgG titers were not correlated with aCL IgG titers (r =
0.039).

The numbers and percentages of patients with 19gG
binding to B2-GPI or Fll (solid-phase or PL-bound)
are reported in Table 2. 1gG binding to anionic phos-
pholipid was observed in 5 patients only (3 with and
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Figure 2. Correlations (Spearman r values) of anti-B2-glyco-
protein | and anti-FIl (solid-phase and phospholipid-bound)
IgG titers (0.D.) with aCL IgG titers in the patient popula-
tion. Correlations were statistically significant for anti-.-
glycoprotein 1 IgG (p <0.0001) and anti-Fll (solid-phase) IgG
titers (p = 0.022).
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Table 2. Prevalence of IgG binding activity to 2-GPI and Fll IgG (solid-phase and PL-bound) in the patient population. Odds ratios
(OR) with 95% confidence intervals for LA activity and presence of aCL IgG and relative risk (RR) for LA activity stratified by
aCL IgG status are shown.

LA+/aCL+  LA+/aClL- LA-/aCL+  LA-/aCL- OR OR Mantel-Haenszel RR
(n=31) (n=18) (n=33) (n=28) (95% CI *) (95% Cl) (95% Cl) for LA+
for LA + foraCLIgG+  stratified by aCL IgG +/-

Nihil - 1(5.6) 15 (45.5) 17(60.7) 0.02(0.005-0.14) 0.48 0.03 (0.01-0.11)
anti-B2 GPI (solid-phase) lgG 28(90.3) 10(55.6) 7(21.1) 1(3.6) 229(7.63-71.9) 3.84(1549.71)  34.4(12.0-98.2)
anti-B2 GPI (PL-bound) IgG 28(90.3) 7(38.9) 9(273) 3(10.7) 10.2(3.88-27.5) 4.93(1.94-128) 12.6(4.86-32.4)
anti-Fll (solid-phase) IgG 22(71.0) 15(944) 13(394) 6(214) 6.82(2.71-17.5) 143 6.33 (2.75-14.6)
anti-Fll (PL-bound) IgG 10(323) 3(167) 12(364) 5(143) 0.95 2.49 0.86

19G binding activity was considered present with optical densities exceeding, by more than 3 standard deviations, the mean values observed in controls subjects.
*95% CI shown only for OR and/or RR significantly different from 1.

Table 3. Prevalence of 1gG binding activity to b2-GPI and FlI 1gG (solid-phase and PL-bound, isolated or in combinations) in the
patient population. Odds ratios (OR) with 95% confidence intervals for LA activity and presence of aCL IgG and relative risk
(RR) for LA activity stratified by aCL IgG status are shown.

LAt+/aCL+ LA+/aClL- LA-/aCL+  LA-/aClL- OR OR Mantel-Haenszel RR
(n=31) (=18 (n=33) (n=28) (95% CI *) (95% Cl) (95% Cl) for LA +
for LA+ foraCLIgG + stratified for aCL IgG +/-

Anti-B2 GPI (solid-phase) IgG - 1(5.6) - - 0 0 2.03
Anti-B2 GPI (PL-bound) lgG 1(3.2) - - 3(10.7) 0.40 0.23 0.56
Anti-B2 GPI (solid-phase and 7(226) 1(5.6) - - oot 5.52 11.3(1.46-87.9)
PL-bound) IgG
All isolated anti-B32 GPI 19G 8(258) 2(111) - 3(10.7)  4.96 (1.15-20.6) 117 4.24 (1.04-17.3)
Anti-FIl (solid-phase) IgG 1(32) 5(238) 4(121) 2(7.) 1.28 047 134
Anti-FIl (PL-bound) IgG - - 391 2(7.1) 0 1.08 0
Anti-FIl (solid-phase and 1(3.2) - 2(6.2) 3(10.7) 0.23 0.70 0.36
PL-bound) IgG
All isolated anti-FIl 1gG 2(64) 5(238) 9(273) 7(25.0 0.47 0.59 0.50
Anti-Fll + anti-B2 GPI 1(32) 4(222) - 1(3.6) 6.82 0.13 5.33
(solid-phase) I9G
Anti-Fll + anti-B2 GPI - 1(56) 1(3.0) - 1.25 0.71 1.28
(PL-bound) IgG
Anti-Fll (solid-phase and PL-bound) - 1(56) 130 - 125 0.71 1.28
+ anti-B2 GPI (PL-bound) 19G
Anti-FIl (PL-bound) + anti-32 1(3.2) - 1(3.0) - 125 © 121
GPI (solid-phase and PL-bound) IgG
Anti-FIl (solid-phase) + anti-B2 11(355) 2(11.1) 2(6.1) - 10.7 (2.09-44.3) 5.61(1.11-27.5) 8.20 (2.00-33.5)
GP!I (solid-phase and PL-bound) IgG
Anti-FIl (solid-phase and PL-bound) + 8(258) 2(111) 4(12.1) - 3.65 5.08 (1.00-26.1) 3.00
anti-B2 GP! (solid-phase and PL-bound) lgG
All combinations of anti-FIl and 21(67.7) 10(55.6) 9(27.3) 1(36) 8.78(3.31-239) 2.81(1.13-7.08) 8.70(3.55-21.3)
anti-B2 GPI IgG

1gG binding activity was considered present with optical densities exceeding by more than 3 standard deviations the mean values observed in controls subjects.
*95% Cl shown only for OR and/or RR significantly different from 1; #p<0.000001.

2 without LA and aCL), and always in association Anti-FIl (solid-phase and PL-bound) IgG were
with antibody species reacting to B2-GPI, Fll or both. observed in 56 (50.9%) and in 30 (27.3%) patients.
Anti-B2-GPI (solid phase and PL-bound) IgG were Table 2 also shows the association of the different
observed in 46 (41.8%) and in 47 (42.7%) patients. IgG autoantibody species with LA activity and the
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presence of aCL IgG, and the relative risk for LA activ-
ity contributed by the autoantibody species after
stratification for the aCL IgG status. Only anti-(3.-
GPI 1gG was significantly associated with an
increased risk for the presence of aCL IgG. Taking
such risk into account, the relative risk for LA activi-
ty contributed by anti-B2-GPI (solid-phase) 1gG bind-
ing activity was greater than that contributed by anti-
B2-GPI (PL-bound) IgG or anti-FlI (solid-phase) 1gG.
IgG binding to PL-bound FIl was not associated with
LA activity. In contrast, patients with no 1gG binding
activity to either FIl or B2-GPI had a markedly reduced
risk of LA activity.

The data reported in Table 2 do not account for the
effects of combinations of IgG autoantibody species,
which are detailed in Table 3. Isolated anti-p.-GPI
(solid-phase and/or PL-bound) IgG binding activity
was observed less frequently than isolated anti-FlI (sol-
id-phase and/or PL-bound) IgG binding activity
(11.8% vs. 20.9%), whereas co-existence of the two
IgG antibody species was more frequently detected
(37.3%). At variance with isolated anti-B2-GPI IgG,
isolated anti-FIl (solid-phase and/or PL-bound) IgG
binding activity did not show significant association
with LA activity and the aCL IgG* status, whereas a
relative risk for LA activity ranging from 4.24 to 8.70
was calculated for all combinations including anti-
B2-GPI (solid-phase and/or PL-bound) 1gG binding
activity.

The above reported analysis of the influence of IgG
autoantibodies on LA activity is insensitive to differ-
ences in autoantibody titers among patients with IgG
binding activity to either B>-GPI, FIl or both. Thus, we
first evaluated in LA patients the correlation of
autoantibody titers with the clotting tests aimed at

Table 4. Correlations (p values and p values) of autoanti-
body titers with clotting time ratios in the 49 patients with
LA activity.

PTT-LA 50:50 Staclot Staclot
mixture (- hexagonal PL)  (+ hexagonal PL)
p p P p P p
aCl IgG 0.142 ns 0.151 ns 0.473 0.005
aCL IgM -0.026 ns 0.045 ns -0.021 ns
Anti-b2-GPI 0.080 ns 0.038 ns 0.382 0.052
(solid-phase) IgG
Anti-b2-GPI 0401 0.044 0259 ns 0.408 0.031
(PL-bound) IgG
Anti-Fll 0.059 ns 0159 ns 0.115 ns
(solid-phase) IgG
Anti-Fll 0.030 ns -0.268 ns -0.099 ns
(PL-bound) IgG
Anti-PL IgG -0.092 ns 0.022 ns 0.049 ns

detecting LA activity and then used a generalized lin-
ear model to identify independent predictors of LA
potency for each of the clotting tests. Table 4 shows
that neither anti-FIl (PL-bound) nor anti-PL IgG and
aCL IgM titers were associated with LA potency in
any of the three clotting tests. Only anti-B.-GPI (PL-
bound) IgG titers showed a significant correlation
with LA potency in the PTT-LA 50:50 mixture assay
and in the Staclot assay carried out in presence of
hexagonal phospholipid. In the latter assay only, LA
potency showed a strong correlation with aCL 1gG
titers and a correlation of borderline significance with
anti-B2-GPI (solid-phase) IgG titers.

In LA* patients, anti-B2-GPI (solid-phase) and anti-
B2-GPI (PL-bound) IgG titers showed a strong corre-
lation (r = 0.714, p<0.0001), and both autoantibody
titers were also strongly correlated to the aCL IgG titers
(r = 0.580 and 0.597, p<0.0001). Independent pre-
dictors of LA potency for each of the three clotting
assays were thus analyzed in a generalized linear mod-
el, including the autoantibody titers among the inde-
pendent variables. Only anti-B2-GPI (PL-bound) IgG
titers were significant predictors of LA potency as eval-
uated by the assays carried out in the absence of
hexagonal phospholipid (PTT-LA 50:50 mixture, p =
0.006; Staclot - hexagonal phospholipid, p = 0.027),
accounting for 16.0% to 17.0% of the variation in LA
potency. With the assay carried out in presence of
hexagonal phospholipid, the aCL IgG titer was the
only significant predictor (p = 0.0001) and accounted
for 24.5% of the variations in Staclot ratios. The gen-
eralized linear model for repeated measures was also
used to identify predictors of the changes in Staclot
ratios resulting from the addition of hexagonal phos-
pholipid. Only anti-B.-GPI (PL-bound) IgG titers were
significantly associated to such changes (p = 0.004).

Because it has been reported that anti-FIl autoan-
tibodies are responsible for LA activity and they are
so by interfering with the activation of factor 11,2 it
cannot be ruled that our failure to observe any effect
of anti-FIl IgG on LA activity may have depended on
the commercial assay adopted in this study to iden-
tify the presence of lupus anticoagulants. Thus, we
investigated the inhibitory effect of anti-prothrom-
bin IgG on factor Il activity at low prothrombin con-
centration in a factor Il assay carried out on normal
plasma incubated with increasing concentrations of
IgG fractions purified from normal pooled plasma
from 4 patients free of LA (2 with and 2 without anti-
Fll IgG binding activity) and from 8 patients with LA
(4 with and 4 without anti-FIl IgG binding activity).
Whereas total inhibition of factor Il activity was
attained at 0.2 mg/mL concentration of the poly-
clonal anti-prothrombin IgG fraction, no significant
inhibition of factor Il activity was obtained in either
group of patients up to a 3.2 mg/mL total IgG con-
centration, representing a 150-fold molar excess of
total IgG over the FIl concentration in the assay (Fig-
ure 3).
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Figure 3. Inhibition of factor Il activity by total 1gG fractions. Total IgG fractions were purified from 12 patients and their effect
on factor Il activity evaluated as described in the Design and Methods section. Concentrations reported on the x axis refer to
total 1gG concentrations in the incubation step with plasma factor Il. Left panel: residual factor Il activity after incubation with
total IgG fractions from patients free of lupus anticoagulant activity, with (closed bars, n = 2) or without (open bars, n = 2)
anti-FII IgG. Right panel: residual factor Il activity after incubation with total IgG fractions from patients with lupus anticoag-
ulant activity, with (closed bars, n = 4) or without (open bars, n = 4) anti-FIl IgG. Total inhibition of factor Il activity was observed
at 0.2 mg/mL concentration of the polyclonal rabbit anti-prothrombin IgG fraction.

The association of LA, aCl IgG, aCL IgM, anti-B.-
GPI and anti-prothrombin IgG titers (solid-phase)
with history of thrombosis in this series of patients
was previously reported.2® By including IgG titers to
PL-bound B2-GPI and prothrombin in the logistic
regression analysis, only the presence of LA was asso-
ciated with a previous history of thrombosis in the
110 patients (OR = 4.3, 95% confidence interval:
1.98-9.29).

Discussion

This study was carried out with the aims of detect-
ing the prevalence of anti-B.-GPI and anti-prothrom-
bin IgG in a consecutive series of patients clinically
suspected by having APA syndrome, primary or sec-
ondary, and of evaluating the association of such anti-
bodies with the presence of lupus anticoagulant activ-
ity as detected by a commercial APTT-based assay.

In a series of 110 patients with the clinical suspicion
of APA syndrome, we observed IgG directed to B.-GPI
and FII (solid-phase and/or PL-bound) in 84% and
78% of 49 patients with lupus anticoagulant activity
and in 17% and 43% of patients free of LA. Arvieux et
al. in a series of 139 patients with LA found a preva-
lence of autoantibodies directed to B.-GPI and Fll - of
the G and M isotype — in 56% and 57% of patients.3°
Differences in the analytical systems adopted and in
the criteria for diagnosis of lupus anticoagulant activ-
ity may at least partially explain the higher prevalences
observed in our series of patients.

In spite of the high prevalence of both antibody
species in patients with LA, the anti-B2-GPI, but not
the anti-FIl IgG titers were significantly associated
with the potency of lupus anticoagulant activity.
Lupus anticoagulant activity was detected in our
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series of patients using a commercially available bat-
tery of tests, based on a screening aPTT assay carried
out at a low phospholipid concentration, an addi-
tional aPTT assay carried out at a higher plasma dilu-
tion and a confirmatory test which includes hexago-
nal phospholipid in the assay mixture. Our results
strongly suggest that all of the lupus anticoagulant
activity inhibited by the addition of hexagonal phos-
pholipid is closely dependent on anti-B2-GPI IgG, and
especially on the antibody species reacting toward
PL-bound B2-GPI. Heterogeneity of anti-B-GPI anti-
bodies has been reported recently by Arvieux et al.40
It has been reported that prothrombin-dependent
and B2-GPI-dependent LA antibodies can be distin-
guished by their different activity in the dilute Rus-
sell’s viper venom time and the kaolin clotting time
assay systems.2¢6 Because B.-GPl-dependent anti-
bodies, in addition to inhibiting thrombin genera-
tion,17.%5 also delay the inhibitory effect of B2-GPI on
the generation of factor Xa by factor [Xa and VII1,4142
overall plasma assay systems such as kaolin clotting
time are potentially less sensitive to the anticoagulant
effects of such antibodies than the diluted Russell’s
viper venom time, which is independent of factor X
activation. The reverse may be true for prothrombin-
dependent LA antibodies which, in addition to inhib-
it the activation of human®® —and to a lesser but sig-
nificant extent — bovine prothrombin,* also prevent
factor X activation via recognition of the complex of
lipid-bound prothrombin.® Because we used an
APTT-based assay system to detect the presence of
lupus anticoagulant activity and observed depen-
dency of LA potency on anti-B>-GPI IgG titers only,
the observations of Galli et al.2¢ probably cannot be
applied to the general population of patients with
lupus anticoagulants. Permpikul et al.® used the dilute
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Russell’s viper venom time to detect lupus anticoag-
ulant activity and observed dependence on pro-
thrombin, but not on B2-GPI, of LA activity in all their
patients’ plasma samples. Using purified compo-
nents, they found that whereas inhibition of pro-
thrombin activation by lupus anticoagulant IgG was
markedly enhanced upon preincubation of the anti-
bodies with prothrombin, calcium ions and PS-PC
vesicles, inhibition of the IXa/Vllla/phospholipid cat-
alyzed activation of factor X did not specifically
require preincubation of IgG with prothrombin, cal-
cium ions and PS-PC vesicles.® When translated to
overall plasma assay systems to detect lupus antico-
agulant activity (APTT, kaolin clotting time), obvi-
ously lacking the preincubation step, such observa-
tions would be in line with the latter mechanism -i.e.
inhibition of factor X activation — as being responsi-
ble for most of the detectable plasma LA activity.

There are two additional findings of this paper
which deserve attention. Although incubation of
purified 1gG fractions with factor Il did not show
selective inhibition of factor Il activity by anti-Fll 1gG,
there was a trend to lower factor Il activity levels in
experiments in which incubation was carried out with
total 1gG fractions from patients with LA (Figure 3).
Because factor Il activity is measured in a prothrom-
bin time assay, this observation may be related to
our findings of the interference of lupus anticoagu-
lant activity in prothrombin time assays aimed at
monitoring oral anticoagulant treatment.** Interest-
ingly, the residual clotting time prolongation
observed in the presence of hexagonal phospholipid
was no longer dependent on the anti-B.-GPI IgG
titers, but was related to the aCL IgG titer. This sug-
gests that in addition to B2-GPI-dependent LA IgG
antibodies, other mechanisms may be responsible for
LA activity in patients clinically suspected of having
APA syndrome.

In conclusions, the principle of correction of plas-
ma LA activity by the addition of hexagonal (II) phase
phospholipid is sensitive to B.-GPl-dependent IgG.
Because B2-GPI-dependent LA antibodies confer a
significant thrombotic risk, at variance with pro-
thrombin-dependent LA antibodies, commercial
reagents containing this phospholipid mixture are
suited for use in the clinical laboratory.
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